not metamorphose for 6hrs after hatching even in the presence of metamorphosis inducers, which suggests that some internal changes occur in the larvae during this period. Larval protein synthesis was examined as one possibility by using a protein synthesis inhibitor, emetine. When tadpole larvae larvae that were treated after a free-swimming period of 8 or 24hrs underwent tail resorption, although some were abnormal. These results suggest that protein synthesis during the swimming period is necessary for tail resorption.
Introduction
In most sessile organisms, planktonic larvae settle and metamorphose into their adult forms after a freeswimming period of between minutes and months. In the ascidian Halocynthia roretzi, the larvae are not competent to metamorphose for 6hrs after hatching, even in the presence of metamorphosis inducers. It seems that some internal changes that are essential for metamorphosis occur in the larvae during this period.
Fertilized eggs of H. roretzi develop into tadpole larvae, which hatch out of the chorion and swim in the seawater. The tadpole larvae do not feed and finally settle and metamorphose into juveniles after swimming for several hours. The morphological changes during metamorphosis involve retraction of the papillae, resorption of the tail, destruction of transitional larval organs, and development of adult organs. Tail resorption is a short-term and dramatic event, and in the present study we regarded it as an indicator event during larval metamorphosis. It has been shown that tail resorption can be induced, that is, the time between hatching and the onset of metamorphosis can be shortened, by several agents (review, Lynch, 1961) , including thyroxine (Patricolo et al., 1981) , vital dyes (Cloney, 1961; Hirai, 1963) , larval conditioned Sessile Organisms, vol. 23, no. 2, 2006 seawater or larval tissue-extract (Grave, 1944; Svane et al., 1987) , heavy metal ions (Whittaker, 1964) , and dicapryloylglycerol and ammonium ion (Berking and Herrmann, 1990) . External cations have been reported to affect larval settlement and metamorphosis in several benthic marine invertebrates. Excess NH4+, Cs+, and Li+ induced metamorphosis of the tunicate Ciona intestinalis (Berking and Herrmann, 1990) . Excess of K+ and reduced Ca2+ induced tail resorption of H. roretzi (Matsumura et al., 1999a) . Recently, a possible natural inducer of larval metamorphosis in H. roretzi was isolated and identified as lumichrome (Tsukamoto et al., 1999) . Hirai (1963) reported that sensitivity to metamorphosis induction in H. roretzi larvae changed as larvae aged. Nile Blue, an artificial metamorphosis-inducer, did not affect larvae within 6hrs of hatching, but it induced metamorphosis gradually from 6 to 12hrs posthatching. Metamorphosis was induced rapidly in larvae aged 12hrs or more. Similar results using Janus Green were reported by . These results suggest that larvae of this species of ascidian become competent to metamorphose between 6 and 12hrs after hatching. Reported changes in larvae after hatching include the staining pattern of aldehyde fuchsin (Numakunai et al., 1964) ; acid phosphatase activity ; oxygen consumption, cytochrome C oxidase, and citrate dehydrogenase activities ; and uptake of the radio-labeled amino acid [14C]valine (Ishikawa and Numakunai, 1971) ; however, little is known concerning the physioloical and biochemical basis of the onset of competence to metamorphose. In the present study, we examined the possible involvement of larval protein synthesis during swimming in the initiation of tail resorption of H. roretzi using emetine, a protein synthesis inhibitor.
Materials and Methods

Animals and metamorphosis assay
Halocynthia roretzi were collected during the spawning season from Mutsu Bay, Aomori, Japan. The and spawning of eggs and sperm was induced by controlling light and temperature (Matsumura et al., 1999b) . The methods of artificial fertilization and tail resorption assays were carried out according to Matsumura et al. (1999a) . The eggs were artificially fertilized with a suspension of non-self sperm, and fertilized eggs were cultured in filtered seawater at 13.2 vated external K+ concentrations (10.1mM in normal ASW) on H. roretzi larvae, normal ASW did not induce larval tail resorption at low larval density, but 20 and 50 mM K+ were shown to promote larval tail resorption, while 30mM K+ suppressed it (Matsumura et al., 1999a) . In the present study, 20mM K+ ASW was used as a tail resorption inducer because it seems to be nontoxic to larvae (Matsumura et al., 1999a Three treatment conditions, A-C, were specified and the effect of emetine (Sigma) on larval tail resorption in 20mM KCl ASW was examined. In treatment A, tadpole larvae just after hatching (0-3hrs), were incubated in 20mM KCl ASW containing emetine at concentra- 
Discussion
The involvement of larval protein synthesis in the metamorphosis, especially in the tail resorption, of the ascidian H. roretzi was examined using emetine. When tadpole larvae were incubated with emetine, a protein synthesis inhibitor, just after hatching, they did not show tail resorption. Larvae treated after a freeswimming period of 8 or 24hrs underwent tail resorption, although some were abnormal. Little is known concerning protein synthesis in ascidian larvae;
however, changes in the ability to synthesize protein have been indicated during the larval swimming period (Ishikawa and Numakunai, 1971) . Emetine inhibited the induction of tail resorption by 20mM K+ ASW when applied just after hatching, but not when larvae were treated with emetine 8 or 24hrs after hatching (Fig. 1) .
These results suggest that protein synthesis in the earlystage tadpole larva is necessary for initiation of tail resorption in H. roretzi. On the other hand, emetine caused abnormal, incomplete tail resorption at high concentrations, even in specimens exposed 8 or 24hrs
after hatching. This suggests either an additional inhibitory effect of emetine on the completion of larval metamorphosis or nonspecific toxicity. However, distinct differences in the inhibitory effect of emetine were noted, depending on the timing of exposure, and an important role for early protein synthesis was indicated. Ishikawa and Numakunai (1971) reported that
[14C]valine was taken up by H. roretzi larval tissue, especially in the adhesive papillae, microblasts, and epidermis, while swimming for 6hrs after hatching.
Moreover, they examined changes in protein synthesis activity by pulse labeling and found that the activity gradually increased, reaching a maximum 7hrs after hatching and maintaining a high level until tail resorption was induced by Nile Blue. Accordingly, Ishikawa and Numakunai (1971) suggested that specific protein synthesis in the larva was related to the development of competence to metamorphose. Our findings here support their suggestion. Recently, Sasakura et al. (2005) found that the tunicate gene for cellulose synthase, Ci-CesA, is responsible for a mutant, swimming juvenile (sj) in the ascidian Ciona intestinalis and suggested that cellulose synthase is required for coordination of the metamorphic events in the trunk and tail in this species. It is possible that newly synthesized cellulose synthase is an important enzyme for larval tail Fig. 1 Effect of emetine on larval metamorphosis (tail resorption) in the ascidian Halocynthia roretzi. Three treatment conditions were specified. Tadpole larvae just after hatching were incubated in 20mM KCl ASW containing emetine at various concentrations (A). Larvae, after swimming in normal ASW for 8 (B) or 24hrs (C), were incubated in 20mM KCl ASW containing emetine. Black columns indicate percentages of total tail resorption 48hrs after hatching including abnormal specimens. Gray columns indicate percentages of abnormal specimens, including those showing incomplete tail resorption. Values are mean percentages of three experiments. 
Sessile Organisms, vol. 23, no. 2, 2006 resorption in ascidians. However, more detailed investigation is necessary to elucidate the relationship between onset of competence to metamorphose and specific protein synthesis in larvae of ascidians.
